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page 12, lines 15-16; claims 102-106: page 13, lines 8-26; claims 
107-109: page 14, lines 1-5; claims 110: page 43, lines 4-9 and 
page 53, line 35 to page 54, line 1; claim 111: see support : for 
claim 97, page 15, lines 11-22; claim 112: see support for claim 
97, page 73, lines 15-18; claim 113: see support for claim 97, page 
15, line 26 to page 16, line 20; claims 114-116: page 17, lines 5- 
10; claims 117-118: page 18, lines 5-10. Claims 97-118 do not 
involve any issue of new matter such that entry of this amendment 
is respectfully requested. 

Figure 6B 

The Examiner stated the prior objection to the disclosure is 
maintained for the reasons as set forth in the last Office Action 
mailed 6/19/98 (see Paper No. 16) . The Examiner stated applicants 
submit they will provide a new Figure 6B to overcome the rejection 
when the case is in condition for allowance. The Examiner stated 
until applicants submit a proper Figure said objection is 
maintained. 

In response, applicants will submit a new figure 6B upon the 
indication of allowable subject matter. 

Obviousness-type double patenting rejection 

The Examiner provisionally rejected claims 69-96 under the 
judicially created doctrine of obviousness-type double patenting as 
being unpatentable over the all the claims of copending Application 
No. 08/477,097. 

The Examiner stated applicants assert that the added new claims in 
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the copending application obviate the obvious type double patenting 
since the claims in the 097 1 application are directed to a 
conjugation partner that is an immunogenic protein-based carrier. 
The Examiner stated applicants' arguments are not persuasive since 
BSA and KLH have long been used as immunogenic protein based 
carriers for the conjugation of substances to allow for the 
generation of specific immune responses. The Examiner stated these 
carriers have long been discussed in general textbooks such as 
Antibodies: A Laboratory Manual by Harlow and lane (1988, Cold 
Spring Harbor Laboratories, page 129) . The Examiner stated the 
claims of the instant application encompass conjugating the 
ceramide portion GM2 via a variety of linkages as recited the 
claims in copending application 08/477,097 and the substitution of 
KLH for the a generic immunogenic protein-based carrier of the 097 1 
application is an obvious variation. The Examiner stated that the 
application amendments are insufficient to remove the rejection. 

The Examiner provisionally rejected claims 69-96 under the 
judicially created doctrine of obviousness-type double patenting as 
being unpatentable over claims all the claims of copending 
Application Nos . 08/475, 784. The Examiner stated although the 
conflicting claims are not identical, they are not patentably 
distinct from each other for the reason set forth in the prior 
Office Actions. The Examiner stated applicants argue that the 784* 
applications are directed to compositions which are gangliosides 
and not GM2 or GD2 . The Examiner stated it is respectfully 
submitted that the ganglioside of the '784 application is selected 
from the group consisting of GM2 . . . etc, as is admitted by 
applicants in the traversal of the double patenting rejection. The 
Examiner stated thus, the applications have clearly overlapping 
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subject matter in these two applications. 

The Examiner provisionally rejected claims 69-96 under the 
judicially created doctrine of obviousness-type double patenting as 
being unpatentable over all the claims of copending Application 
Nos . 08/481, 809 in view of Livingston et al. (Cancer Research, 
149:7045-7050, 1989. The Examiner stated although the conflicting 
claims are not identical, they are not patentably distinct from 
each other for the reason set forth below. The Examiner stated the 
*809 application claims compositions and methods using gangliosides 
in general linked via the ceramide portion of the ganglioside to 
KLH and to an adjuvant, a carbohydrate saponin and a 
phrmaceutically acceptable carrier. The Examiner stated the 
instantly claimed compositions drawn to specific species of 
gangliosides (GM2 and GD2) conjugated to KLH anticipate admixed 
with a carbohydrate saponin and a pharmaceutically acceptable 
carrier. The Examiner stated it would have been prima facie 
obvious to attach either of the gangliosides GM2 or GD2 through a 
ceramide carbon because Livingston et al teach that these are 
medically important gangliosides and immune responses generated 
against them are able to treat cancer and GM2 and GD2 are species 
of gangliosides. 

In response, applicants respectfully traverse the Examiner's above 
rejection. Nevertheless, applicants without conceding the 
correctness of the .Examiner' s position but to expedite prosecution 
of the subject application have hereinabove canceled claims 69-96 
without prejudice to their right to pursue the subject matter of 
these claims in a later-filed application. Applicants contend that 
this amendment obviates the above rejection and respectfully 
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request that the Examiner reconsider and withdraw this ground of 
re j ection . 



Rejection under 35 U.S.C. 112- first paragraph 

The Examiner rejected claims 69-71 and 72-96 under 35 U.S.C. 112, 
first paragraph, as containing subject matter which was not 
described in the specification in such a way as to enable one 
skilled in the intention for the reasons set forth the Office 
Action mailed 6/13/96 (see Paper No. 8) . The Examiner stated 
applicants arguments' have been carefully considered. Applicants' 
again argue make and test. The Examiner stated this is again not 
persuasive for reasons already extensively made of record in the 
previous response and reiterated below. 

The Examiner stated protein chemistry is probably one of the most 
unpredictable areas of biotechnology. The Examiner stated for 
example, replacement of a single lysine residue at position 118 of 
the acidic fibroblast growth factor by glutamic acid to led to a 
substantial loss of heparin binding, receptor binding, and 
biological activity of the protein (see Burgess et al.). The 
Examiner stated in transforming growth factor alpha, replacement of 
aspartic acid at position 47 with alanine, or asparagine did not 
affect biological activity while replacement with serine or 
glutamic acid sharply reduce the biological activity of the mitogen 
(see Lazar et al.). Rudinger et al. Teachers "particular amino 
acids and sequences for different aspects of biological activity 
can not be predicted a priori but must be determined from case to 
case by painstakingly experimental study" (see page 6) . The 
Examiner stated Salgaller et al teach modifications (i.e. 
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deletions) of the amino acid structure of peptide can alter the 
activity of the protein. The Examiner stated Fox et al. Teach 
methods for determining fragments which have antigenic activity is 
unpredictable. The Examiner stated these references demonstrate 
that a even a single amino acid substitution or what happens to be 
an inconsequential chemical modification, will often dramatically 
affect the biological activity of a protein. The Examiner stated 
in view of the lack of guidance, lack of examples, and lack of 
predictable associated with regard to producing and using the 
myriad or derivatives and fragments encompassed in the scope of the 
claims one skilled in the art would be forced into undue 
experimentation in order to practice broadly the claimed invention. 

The Examiner stated that contrary to applicants' arguments it is 
reasonable to conclude an undue burden is required to screen for 
positions within the sequence where amino acid modification (i.e. 
additions, deletions, or modifications) can be made with a 
reasonable expectation of success in obtaining similar 
activity/utility are limited and the result of such modifications 
is unpredictable as exemplified by the teachings of Lazar et al. 
Burgess et al., Rudinger et al., and Salgaller et al . 

The Examiner stated these references demonstrate that a even a 
single amino acid substitution or what appears to be an 
inconsequential chemical modification, will often dramatically 
affect the biological activity of a protein. The Examiner stated 
the specification does not support the broad scope of the claims 
which encompass a multitude of analogs or equivalents because the 
specification does not disclose the following: the general 
tolerance to modification and extent of such tolerance; specific 
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positions which can be predictably modified; and the specification 
provide essentially no guidance as to which of the essentially 
infinite possible choice is likely to be successful. 

The Examiner stated thus, applicants have not sufficient guidance 
to enable one skilled in the art to make and use the claimed 
derivatives in a manner reasonably correlated with the scope of the 
claims broadly including any number of deletions, addition, and/or 
substitutions of any size. The Examiner stated the scope of the 
claims must bear a reasonable correlation with the scope of 
enablement f Tn re Fisher , 166 USPQ 19 24 (CCPA 1970) . The Examiner 
stated without such guidance, the changes wich can be made and 
still maintain activity/utility is unpredictable and the 
experimentation left to those skilled in the art is unnecessarily, 
and improperly, extensive and undue. See Ex pa^te Forman , 230 
U.S.P.Q. 546 (Bd. Pat. App. & Int. 1986). 

The Examiner stated that applicants cite to page 12, lines 4-13 of 
the specification for support of using derivatives of KLH . The 
Examiner stated that said disclosure is not commensurate in scope 
with the claimed invention. The Examiner stated that said cite 
makes reference only to linking KLH to an "immunological adjuvant" 
an not amino acid modifications (i.e deletions, substitutions) of 
KLH. The Examiner stated as set forth above the scope of the 
claims must bear a reasonable correlation with the scope of 
enablement ( Tn re Fisher , 166 USPQ 19 24 (CCPA 190) ) . The Examiner 
stated for the reason set forth above and in the last Office Action 
said rejection is maintained. 

in response, applicants respectfully traverse the Examiner's above 
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rejection. Applicants contend that the claimed invention was 
enabled. Nevertheless, applicants without conceding the correctness 
of the Examiner's position but to expedite prosecution of the 
subject application have hereinabove canceled claims 69-96. 
Applicants contend that the invention of newly submitted claims 97- 
118 is enabled. Applicants contend that this amendment obviates the 
above rejection and respectfully request that the Examiner 
reconsider and withdraw this ground of rejection. 



rlaims Rl-86 

The Examiner stated as to claims 81-86, the claims are enabled for 
the use of the composition only for treatment of cancer but are NOT 
enabled for the prevention of cancer, for reasons made of record in 
Paper No. 8, mailed 6-13-96. 

In response, applicants respectfully traverse the Examiner's above 
rejection. Applicants contend that a claim directed to the 
prevention and treatment of a cancer using the subject composition 
is fully enabled. In support of claims concerning the treatment 
and/or prevention of the cancer, applicants attach hereto as 
Exhibit A a copy of the following paper: Helen Zhang et al 
"Antibodies against GD2 Ganglioside Can Eradicate Syngeneic Cancer," 
Cancer Research 58: 2844-2849 (1998). This paper demonstrates that 
the conjugated vaccine of the subject invention prevents the 
outgrowth of micrometastases (see page 2 844, first column). The 
paper shows that the conjugated vaccine prevents establishment of 
subsequently administered EL4 challenge (which is a lymphoma) , and 
eliminates EL4 micrometastases when administered after EL4 
challenge (see page 2844, second column) . The paper shows that mice 
receiving the conjugate vaccine survived significantly longer, and 
that one mouse did not show any evidence of tumor (see page 2845, 
second column) . The paper teaches that the conjugated vaccine 
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protects against tumor challenge and eliminates micrometastases . 
Applicants contend that this is support for the use of the 
composition to treat or prevent cancer. Applicants contend that 
these remarks obviate the above rejections and respectfully request 
that the Examiner reconsider and withdraw the rejection. 



Re jection under 3S U.S.C. 112- first paragraph 

The Examiner rejected claims 69-96 under 35 U.S.C. 112, first 
paragraph, as containing subject matter which was not described in 
the specification in such a way as to reasonably convey to one 
skilled in the relevant art that the inventor (s), at the time the 
application was filed, had possession of the claimed invention. 
The Examiner stated this is a new matter rejection. The Examiner 
stated applicants point to page 32, lines 13-18 and page 12, lines 
22-2 6 for support for the now claimed invention. The Examiner 
stated this is not persuasive, the passage at page 32, lines 13-18 
provide for a specific coupling procedure at the C-4 carbon of the 
sphingosine moiety of the ceramide to the e-aminolysyl group of a 
proteins (ozonolysis, production of a functional aldehyde group and 
coupling to an e-aminolysyl group on a protein by reductive 
amination. The Examiner stated the passage at page 12, lines 22-26 
in combination with the passage at page 32, lines 13-18 does not 
support a broad coupling to any generic portion of the ceramide 
backbone of the ganglioside, by any generic means by cleavage of 
any double bond (i.e. C=0) and coupling by any linkage process. 
The Examiner stated the written description, convey that applicants 
had at the time filing contemplated any means of coupling to any 
portion of the ceramide, a concept that is now broadly claimed. 
The Examiner stated applicants were clearly not in possession of 
that which is now broadly claimed. The Examiner stated correction 
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In response, applicants respectfully traverse the Examiner's above 
rejection. Applicants contend that they were in possession of the 
claimed invention at the time of filing. Nevertheless, without 
conceding the correctness of the Examiner's position but to 
expedite prosecution of the subject application have hereinabove 
canceled claims 69-96 without prejudice or disclaimer to their 
right to pursue the subject matter of these claims in a later- filed 
application. Applicants have also hereinabove added new claims 97- 
118 which recite that "the ganglioside derivative is conjugated to 
Keyhole Limpet Hemocyanin or the derivative thereof through a C-4 
carbon of the sphingosine base of the ceramide portion of the 
ganglioside derivative to the e-aminolysyl group of Keyhole Limpet 
Hemocyanin or the derivative thereof." Applicants respectfully 
direct the Examiner's attention to page 32, lines 15-20 for support 
for this claim language. Applicants contend that this amendment 
obviates the above rejection and respectfully request that the 
Examiner reconsider and withdraw this ground of rejection. 

Rejection under 35 U. S.C. 103(a) 

The Examiner rejected claims 69-81 and 83-96 under 35 U.S.C. 103(a) 
as being unpatentable over Livingston et al . (Cancer Research, 
149:7045-7050, 1989) in view of Ritter et al. (Seminars in Cancer 
Biology, 2:401-409, 1991), Liane et al (Journal of Biological 
Chemistry, 24 9 ( 14 ): 4 4 60-44 66 , 1974), Livingston et al. (U.S. 
Patent No. 5,102,663), Ritter et al. (Immunobiol, 182:32-43, 

1990) , Kensil et al . (The Journal of Immunology, 146 (2) : 431-437, 

1991) , and Marciani et al. (Vaccine, 9:89-96, 1991) and Uemura et 
al (J. Biochem, 79 (6) : 1253-1261, 1976). The Examiner stated that 
Livingston et al (Cancer Research) teach a composition administered 
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to melanoma patients for stimulation the production of antibodies 
directed against a carbohydrate epitope on the ganglioside, GM2 
(page 7046-7048). The Examiner stated Livingston et al teach that 
the composition for treatment is administered at a concentrations 
of 100, 200, or 300 ug with an adjuvant, Bacillus-Calmette-Geurin 
(BCG) , and a pharmaceutical^ acceptable vehicle, phosphate 
buffered saline, (p 7046, column 1, paragraph 1 and column 2, 
paragraph bridging p 7046-47). The Examiner stated Livingston et 
al teach that melanoma recurrence was delayed in patients 
developing GM2 antibodies after treatment with the composition 
(page 7 048, paragraph 1 and column 2, paragraph 2) . The Examiner 
stated Livingston et al teach that more patients produced IgM 
antibodies than IgG antibodies to the GM2 (pate 7047, paragraph 
bridging columns 1-2) . The Examiner stated Livingston et al also 
teach the gangliosides GM2, GD2 and GD3 are expressed on the cell 
surface of human malignant melanomas (page 7045, column 1, 
paragraph 2) . The Examiner stated Livingston et al differ by not 
teaching the conjugation of the GM2 or other gangliosides by means 
of a carbon on the ceramide moiety with aminolysyl groups on 
Keyhole Limpet Hemocyanin (KLH) in composition and using this 
composition for treatment. 

The Examiner stated Ritter et al (1991) teach that IgG responses to 
gangliosides may be increased by the covalent attachment of foreign 
carrier proteins such as KLH to the gangliosides resulting in the 
T cell help necessary for the response (page 406, paragraph 1) • 
The Examiner stated Ritter et al teaches discloses that the 
advantage of inducing an IgG antibody response (vs IgM) against 
gangliosides is that IgG: a) has a higher affinity, b) is better 
able to penetrate solid tissues, c) is able to mediate antibody- 
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dependent cell-mediated cytotoxicity, d) and is generally 
detectable in the serum for longer periods after immunization. 

The Examiner stated that Liane et al (Journal of Biological 
Chemistry, 24 9 ( 14 ): 4 4 60-4 4 66, 1974) teach a method for covalent 
coupling of gangliosides to aminoethyl agarose or the amino group 
bearing glass beads by oxidative ozonolysis of the olefinic bond of 
the sphingosine moiety (i.e. the instant carbon double bond of 
ceramide) and coupling of the carboxyl bearing product to the amino 
group of aminoethyl agarose or the amino group bearing glass beads. 

The Examiner stated that Ritter et al (1990) teach that GD3 lactone 
is more immunogenic than GD3 . 

The Examiner stated Livingston et al (U.S. Patent No. 5,102,663) 
teach that gangliosides GM3, GM2, GD3, GD2, GT3 and O-acetyl GD3 
are gangliosides that are prominent cell-membrane components of 
melanoma and other tumors of neuroectodermal origin (column 1, 
lines 22-28) . 

The Examiner stated Liane et al (Journal of Biological Chemistry, 
249 (14) : 4460-4466, 1974) teach a method for covalent coupling of 
gangliosides to aminoethyl agarose or the amino group bearing glass 
beads by oxidative ozonolysis of the olefinic bond of the 
sphingosine moiety (i.e. the instant carbon double bond of 
ceramide) and coupling of the carboxyl bearing product to the amino 
group of aminoethyl agarose or the amino group bearing glass beads. 

The Examiner stated Kensil et al teach that QS-21 (i.e. the instant 
carbohydrate derivable from the bark of a Quillaja saponaria Molina 



Applicants 
U.S. Serial No. 
Filed 
Page 18 



Philip O. Livingston and Friedhelm Helling 
08/196, 154 
November 16, 1995 



tree) produced a 



higher antibody response than conventional 



aluminum hydroxide (page 4 33, column 2, paragraph 4, and Figure 3) . 
The Examiner stated Kensil et al also teach that the immune 
responses obtained with QS-21, reached a plateau at doses between 
10-80 ug in mice (page 433, column 1, paragraph 3) - 

The Examiner stated Maricani et al teach that the use of QS-21 
adjuvant was useful because it did not cause a toxic reaction in 
cats (page 93, paragraph 1) . 

The Examiner stated Uemura et al (J Biochem, 79 (6) : 1253-1261, 1976) 
teach that the ozonolysis and reduction of various shingolipids did 
not affect the haptenic reactivity of the ganglioside derivative 
with antibodies. 

The Examiner stated that it would have been prima facie obvious to 
one of ordinary skill in the art at the time the invention was made 
to modify the composition taught by Livingston et al by conjugating 
the GM-2 to KLH by covalently coupling GM2 to KLH by substituting 
GM2 for the globoside and KLH for the aminoethyl agarose to produce 
a GM-2-KLH conjugate for use as a vaccine because the conjugated 
composition would be expected to enhance the IgG response to the 
ganglioside, as taught by Ritter et al (1991), thus providing the 
advantages by Ritter et al (1991) and adding the QS-21 would be 
advantageous because it provides for a higher antibody response 
that the commonly used adjuvant use by Kensil et al and QS-21 
provides the advantages that it is not toxic to animals as is 
taught by Marciani et al. The Examiner stated it also would have 
been prima facie obvious to use doses of between 10 and 80 ug of 
QS-21 in the composition and optimize the dose accordingly because 
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the immune response with QS-21 plateaus at doses between 10-80 ug 
and optimization of the weight ratio of the components of the 
composition to provide an optimal response is well within the 
ordinary skill in the art and use the composition as modified supra 
for treatment of melanoma as taught by Livingston et al (Cancer 
Research) . The Examiner stated it also would have been prima facie 
obvious to one of ordinary skill in the art to substitute any one 
of GM3, GD2, GD3 , or 0-acetyl GD3 for the GM2 ganglioside in the 
composition and method as combined supra because they are all 
prominent cell -membrane components of melanomas as taught by 
Livingston et al (U.S. Patent No. 5,102,663) and one of ordinary 
skill in the art would react with the melanomas cells. The 
Examiner stated it would have also been prima facie obvious to one 
of ordinary skill in the art would react with the melanoma cells. 
The Examiner stated it would have also been prima facie obvious to 
one of ordinary skill in the art at the time the invention was made 
to substitute the GD3 , . as taught by Ritter et al (1990) and would 
be expected to product an enhanced antibody response as compared to 
GD3. Optimization of the dosage, route of immunization, number of 
sites of immunization to administer the composition is will within 
the skill of the ordinary artisan. The Examiner stated one would 
have reasonably expected the conjugation procedure to work as 
substituted because conjugation through the e-aminolysyl groups of 
carrier proteins for enhance immunogenicity is routine in the art 
and Uemura et al (J Biochem, 79 (6) : 1253-1261, 1976) teach that the 
ozonolysis and reduction of various sphingolipids did not affect 
the haptenic reactivity with antibodies. 



The Examiner rejected claim 82 under 35 U.S.C. 103(a) as being 
unpatentable over Livingston et al. (Cancer Research), Ritter et 
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al. (Cancer Biology, 1991), Liane et al (Journal of Biological 
Chemistry, 249 (14) : 4460-4466, 1974), Livingston et al. (U.S. Patent 
No. 5,102,663), Ritter et al . (1990), Kensil et al, and Marciani et 
al., and Uemura et al (J Biochem, 79 ( 6) : 1253-1261, 1976) as applied 
to claims 69-81 and 83-96 above and further in view of Irie et al. 
(U.S. Patent No. 4,557,931). 

The Examiner stated the teachings of Livingston et al . (Cancer 
Research), Ritter et al . (Cancer Biology, 1991), Liane et al 
(Journal of Biological Chemistry, 24 9 ( 14 ): 4 4 60-4 4 66, 1974), 
Livingston et al . (U.S. Patent No. 5, 102, 663), Ritter et al. 
(1990), Kensil et al, and Marciani et al., and Uemura et al (J 
Biochem, 79 (6) : 1253-1261, 1976) are set forth supra. The Examiner 
stated the combination differs by not teaching the administration 
of the composition for treating cancer of epithelial origin or for 
producing antibodies to gangliosides found in the stroma of cancer. 
The Examiner stated that Irie et al teaches that the ganglioside 
GM2 is found on or in tumors of a variety of histological types 
including melanoma and breast carcinomas (column 1, lines 28-31) . 
The Examiner stated that it would have been prima facie obvious to 
one of ordinary skill in the art at the time the invention was made 
to administer the GM-2-KLH conjugate/QS-21 composition or other 
ganglioside conjugate/QS-21 composition as combined supra to 
patients afflicted with or susceptible to a recurrence of cancer of 
an epithelial origin (i.e. breast carcinomas) because the 
ganglioside GM-2 is found in the stroma of the tumor as taught by 
Irie et al and one of ordinary skill in the art would expect that 
the antibodies produced by the composition react with the tumor and 
treat the disease. 
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In response, applicants respectfully traverse the Examiner's above 
rejection. Applicants contend that the cited references do not 
render obvious the claimed invention. Nevertheless, applicants 
without conceding the correctness of the Examiner's position but to 
expedite prosecution of the subject application have hereinabove 
canceled claims 69-96 without prejudice to their right to pursue 
the subject matter of these claims in a later- filed application. 
Applicants have hereinabove added new claims 97-118 which recite 
that the composition comprises: a) a conjugate of i) a GM2 or GD2 
ganglioside derivative which comprises an unaltered oligosaccharide 
part and an altered ceramide portion comprising a sphingosine base, 
to ii) Keyhole Limpet Hemocyanin or a derivative thereof comprising 
an e-aminolysyl group; b) a saponin derivable from the bark of a 
Qui 1 la j a saponaria Molina tree; and c) a pharmaceutical ly 
acceptable carrier; the relative amounts of such conjugate and such 
saponin being effective to stimulate or enhance antibody production 
in a subject, wherein in the conjugate the ganglioside derivative 
is conjugated to Keyhole Limpet Hemocyanin or the derivative 
thereof through a C-4 carbon of the sphingosine base of the 
ceramide portion of the ganglioside derivative to the e-aminolysyl 
group of Keyhole Limpet Hemocyanin or the derivative thereof . 
Applicants contend that the cited the cited references, alone or in 
combination, do not teach or suggest applicant's claimed invention. 
Accordingly, applicants respectfully request that the Examiner 
reconsider and withdraw this ground of rejection. 

Summary 

For the reasons set forth hereinabove, applicants respectfully 
request that the Examiner reconsider and withdraw the various 
grounds for objection and rejection and earnestly solicit allowance 
of the now pending claims . 
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If a telephone interview would be of assistance in advancing 
prosecution of the subject application, applicants' undersigned 
attorney invites the Examiner to telephone at the number provided 
below. 

No fee, other than the enclosed $565.00 fee which includes the 
$435.00 fee for a three-month extension of time and the $130.00 fee 
for additional claims, is deemed necessary in connection with the 
filing of this Amendment. However, if any additional fee is 
required, authorization is hereby given to charge the amount of any 
such fee to Deposit Account No. 03-3125. 



Respectfully submitted, 



I hereby certify that this correspondence 
is being deposited this date with the U.S. 
Postal Service with sufficient postage as 
first class mail in an envelope addressed 
to: Assistant Commissioner for Patents, 



Washington, D.C. 20231. 





John (P.l White 
RegisWation No. 28,678 
Attorneys for Applicant (s) 
Cooper & Dunham, LLP 
1185 Avenue of the Americas 
New York, New York 10 036 
(212) 278-0400 
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lardseflmtotaasyiajeu^ 

and Tmrrinr-inri»ftrf antljiiigjliadtii anUbudio prevent e^tgrowth afiw- 
iioiini>ii»a>, and wa uat UUi model ta oitWhh eotae of thv piipKtm 
of thbi prvtenkw. Tow level o| pevuettea was pewjMMtional to smibody 
i««,,Tv*ae*erfregh^nar^^ 

the most protection, and proetetta wat dcawwitratcd even when fanam- 
-f»mitt^ WM JuitUlcd after minor challenge. Treeunent with SF8 I, 2, or 
4 dm alter Lv. tumor cfaatfenge wai highly protective, but wading until 
7 or 10 days after chatlepfO rtooJtod to irtramal pnottetioiu The retain 
whether number of Over atttastascs or mnrival was used as 
t Thcat result! suggest that unmodified mAbs or witibudj- 
agamst GDI (and possibly other cancer cell surface 
irtgtra) should bt wMd rKhesvcty ia the adjuvant setting, where rireu- 
t^n%g tumor cells and mKramctastascs are tat primary tartcts. 

INTBOOUCTION 

Most mAb* treatments have been performed on patterns with ad- 
vanced disease, and the treatments were of short duration, with 
response of measurable disease as the end point Responses have been 
rare. O cfr lior*' mgieesion of measurable neuroblastoma, melanoma, 
and breast cancer lesions and more frequent regression of B-ceti 
rymphomas have resulted in patients treated with mAbs against cdl 
surface amigao*, mduding: gengliosides GM2* (1), GD2 (2*5). and 
GD3 (6-8); HER2 oeu (9); and lymphoma tdtotype antigens (10. 11). 
TriaU with mAbs against CD2 are a case in point. The response rate 
m children with GD2-po*mve cancers (primarily neurobtostoinas) 
created with mAb l4.C2a or 3F8 is becweenO and 25% (12, 13). and 
in melanoma patients treated with mAb 3Fo\ 14.02a. or chimeric 
I4.l5\ the response rate is between 0 and 22* (13, 14). A chimeric 
)4Jg-tnte^cukin 2 fusion protein shown to be potent in a xcid/scUl 
xenograft model (15) is now being considered for clinical trials. 
Neither hnjnunogcnic CDS vaccines nor a syngeneic animal model 
has been previously available* making U difficult to compare these 
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various approaches or to test the many variables associated with 
amibody-jnediated therapies la Ibc setting of a normal immune sys- 



As opposed to the minimal benefit seen with mAbs in patients with 
advanced disease, there is an expanding body of evidence indicating 
mat antibodies can protect against subsequent tumor challenge in 
experimental animals and prevent tumor recurrence in bumans. mAbs 
against several protein or glycoprotein tumor antigens have resulted in 
significant protection from syngeneic tumors in the mouse (16-19), 
mAb R24 against GD3 has resulted in protection from syngeneic 
znclanoma growth in hamsters (20X sod mAbs against GD2/GD3 (21) 
or G02 (22) have resulted in prelection against human tumor chal- 
lenges in nude mice. ThM is alto evidence in humans dint natural 
antibodies, passively aoVntnUiered antibodies, or vaccine-induced an- 
ubodies against cancer antigens can result in prolonged cUs%ase-free 
and overall survival in the adjuvant setting, la) Pamncoplasuc syn- 
dromes have been associated with high diets of natural (not iiulucod 
by vaccine or passive Administration) omibodjcs against oitconeural 
antigens expressed on neurones and certain malignant cells. The 
antibodies are apparently induced by tumor growth and have been 
yenr-iatert with autoimmune neurological disorders and. in addition, 
with delayed tumor progression and prolonged survival (23-25). (W 
Patients with American Joint Commission On Cancer stage 10 mel- 
anoma and natural antibodies against GM2 ganglioside studied at two 
different medical centers have ah gO-W* 5-year survival, compared 
to the expected 40% rate (26, 27). (c) Patients with small cell lung 
cancer and natural antibodies against small cell lung cancer had 
prolonged survival, compared to antibody-negaUvc poticw (28). id) 
Patients with Dukes* C colon cancer treated with mAb I7-1A in the 
adjuvant setting had a significantly prolonged disease-free and overall 
survival, compared to randomired controls (29). (e) Antibody re- 
sponses induced by vaccines in the adjuvant setting have been corre- 
lated with subsequent prolonged disease-free and overall survival (26, 
27, 30-33). 

Given the potential clinical importance of a variety of ceil surface 
antigens, including ganglioside GD2. as targets to mAbs and cancer 
vaccines inducing an antibody response, we have identified a suitable 
syngeneic mouse model to address some of the variables, associated 
with amibocty-mediated protection from and therapy of cancer. EL4 is 
a lymphoma syngeneic in C57BU6 mice that we have previously 
reported to express GD2 (34). U is a unique inodel in that GD2 is also 
a human tumor antigen, against which mere is not only a cliiricaily 
active mAb but also a consistently imrnunogenic conjugate vaccine, 
GD2-KLH plus QS21. We oemonstrate here that passively adminis- 
tered and vacdne-induced amibodtes are able to prevent establish- 
ment of subsequently administered BL4 challenge and to etinunale 
EL4 raicromeiastases when odmimsiered after EL4 challenge, and we 
define some of the parameters of this protection, 

MATERIALS AND METHODS 
mAbs and Vaccine 

The origins of mAb 3F8 (lg03) against GDI (3$ ). mAb 69b (l g*P *g»w* i 
GM2 (36), mAb 013 against s primitive human cttuioecmdcTmal bone tumor j 
(J7), and mAb 1E3 against Tn antigen (38) have been described. Neither Oil , 
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Aifnsoores chadicatc micwjmetastases 



Ta*k I EAprH***i I: fcVr ******* 4/*' ^ ^'V^^ 



mAb 



No. of mice No, of luwo" " ^ Uw fB * 



ras rctMtraJ) 

aAb69o 
trtAb 3FB 

mAb 696 + ipAbJffl 



57.g S 
9a r mi 
u 
0 



159* 1.03 
2.53 ± ! 21 

1,20 X 0 .14* 



*rt* * -j 

«Altoi «rt^rtftT00^n.l 1FS *» «/ml for I h. J "J J eL4 

£f££fe»e. Sd4» fi«n *t« ««ta»cd Rw*» arc espteweJ ■» nwrt : SD. 
* f < 001. caapHMl with PBS cnalral gm«. 

nor lEJ reacts with ElA- taununologiwl Adjuvanl QS-21. a purin^ saponin 
rnciioa (39). wat cbuinod from Aqvilla Btopham-eeuriwU Inc. rWotr*»er, 
MA) CD2 and OD2 conjugated to KXH wot provided by Profiemcs Pbar. 

fT^in NY) Conjugation of GM 10 KLH w«* achieved 
by conversion of (he GD2 ceramide double bond to aldehytk b * omX *™ 
Za attKbraem to KLH by reductive aminaSon m the presence of cyanobw 
h^driaTM described -eviowly fa 0D3 (40). Each GD2-1CLH veceme 
So ^cK^ to r» „ of KLH. pi* 10 « QS-2L 
Vaccines were admitiuttmi *x. three tiroes «• Iweek interval*. except .« *c 
Dual eapertmem. when they were administered at 4-4»y rHW*als. 

Mice and Cell Line* 

C57BU* mice (6 wer*s «>W) were purchased bom The Jackson 
(B., Harbor. ME). Has EL4 cell line was eaubtahed fn»n lymphoma jnduced 
U. a C57BL/6 mouse by 9.10-dlmahyl.l^^Uuaceac tt h * 
Ln iuvUTo «pre* CSD2 gantliosldc 04). EM was mauua.ned m 10* 
£^ ^oTceH <h». EL4 ceils wem washed li. dm- m 
PbI^L , x ttfcrfb rt» d. B«-» experiment. 5 X ICrVxlW •« peeled 
i.v. into ibs tail vein. A, .he indict tire. ^ ^, w "f^f ^ 
Uvea were rcmoyed. weished. and fixed In 10* formal*. M«aw» were 
SrSerfy U,W> <***» and other atom Cattr^* rarely ■ ^ 

^rbwh^lTrn^a^ wore easiest to osanliiate, Hepst* mcustases 
were detected as white nodule* on the liner surface. 

Strategical Assays 

ELISA. ELlSAs were P«fon«d a, ascribed ^ 
QM2 in etna* c»>t*d on ELISA ptaes a. 0.1 ^wcU. A senes of 
antiserum dilution* were incuo-ied with the coated V*""* talt 
Sc^ry «uibodies were alkaline phosptwu-^uf^f* ara,n»«sc 
leC or IgM at a dduliw of 1:200 iSowhern B««e^pology A»oci«W. Mc~ 
BWjSn, AU. ELBA .iur is drfped a. «he higto. flU» « y.eWm« . 
al,^rb«ccorai oxsreaterr^rtha. of aormrtconool sera. mAb. SF8 
__4 aqa afrrv used afi oosiiive ctvtubU if) each «53*y. 
^ JtoX (3 x Itf, were « * « ^ 

di1u«d andsem or 1.2 oltowM mAb loperr-rant for30 rrun on .ce. After 
wlZs with 3* FCS in PBS. die cell, were ^^^3^'^' 
diluted FITC-labded goa« ««cnonse IsO or l,M iSouthon. BiotechnolcBy 

b^^ameLy (BPia-^r.le II: CoutoCo. H-k-h. FLX r- dt^nbed 

■^S^lTlW I0>EU cell. w« 

wiAIOMl of 1=10 mouse amiacum ox 10 Mfml mAb for 10 mm. Tluny ^ 
. /^wMfiie^ii Co ) wtst added and intubated til 
of comptanrtit Iguitwa p»g; Sigma Chemical ^^™* , min 
3rC for 4 H. Uirty >U ofO.4% trypan Nue we« added and ate 3 mia, dcod 
qad viable cell* weto counted (41). 

StatUtSca! Methods 

ExDcrtiMotal B^apn ^ compared 10 ^trhols for number of hepa^c: 
,^r^ X anubody using the Mann-Whi^y twcsampl, i 

l«I (42), 

RESULTS 

Hovins previously shown that mAb 3F8 was able to biod to EL4 
andtiZc^ent CDC and antibody^eperadent cclUrnediated cytc. 



toxicity (3, 13. 35). we performed a series of eapenmema progres- 
sively testing Uk ability of passively administered and then actively 
induced nntibodie* against OD2 to eradicate hepatic micrometasiases 
(experiments I and 2) and to prolong winrivnl (expcriroeini 3-7). 

Effect of mAb Administration on Hcpnttc Metastases (Eapwt- 
incnts 1 and 2). In wperixnent 1, we mined 3F8 or negative control 
mAb 696 with the EL4 lymphoma cell* prior to challenge to confirm 
in vivo impact of antibody binding. EL4 cell* were incubated for I h 
with PBS. mAb 696 (against GM2, which is minimally expressed on 
EL4). mAb 3FB. or mAbs 696 and 3F8 prior to i.v. challenge. All mice 
were sacrificed on day 34. hepatic metastases were counted, and livers 
were weighed (Table I). Only EU preincubation with 3P8 ± 696 
eliminated meuwnise*. In experiment 2, mice were injected i.v. with 
PBS negative control antibody tE3 (100 ^g). or ooe of thiee doies of 
3Fg(50 100. or 250 (*g) 2 h before lv. challenge with untreated KL4 
cdls. Mice were sacrificed at day 3a Administration of all three doses 
of 3F8 eliminated metastases in most mice (TaWe 2). 

Effect of mAb Administration or V«cio»Uon on Survival (Ex- 
periments 3-6). In experiment 3, two groups of sis mice received a 
single i.v.injoetionof200Mg of 3F8 1 day before w 2 days ate BL4 
i v challenge. Three additional groups of sin mice were vs*tt«ued 
threeumcs (onlays -21, -14, snd -7) prior » ^U,*^^ 
were vaccinated with PBS. 10 « of OD2 mixed w,rj, «0 ^ Of KLH 
plus QS21 (negative control*), or 10 « of GD2 conjugated to 60 w 
of KLH plus QS21. Mice receiving the conjugate vaccine aimved 
significantly longer than did the control mice V < 0.0DW. and one 

?« mico receiving 3F8 1 day before challenge and five of s,x «uce 
receiving 3Fg 2 days after challenge also remained otmor Ore (Fig. I. 
Expcrimtru 3). All negative control mice died by day 28. 

&Derirnent*4 and 5 focused on treatment with mAb. In expentnem 
4. pSTfour or five mice received PBS or 3F82 days or 4 clays 
after EL4 challenge i.v. All SFg^reated mice survived ^JJ"^ 
control mice (P < 0-004). and three mice m ^«BW 
wmor free (Fig. I. Experiment 4). Expenment 5 conipared »*ounerrt 
with PBS or mAb Ol3 (negative control*) and uwuinent with 50 or 
£ m BM administered 7 day, after EM challenge . v (Fig. 
r*5wm-«r 5). Once again. aD IF^rnnued I mice survved tonger 
lna 7did any control mouse (f < 0 004). and most mice (8 of m 
treated with edher dose of 3F8 remained rumor free. 

Experiment 6 again compared inunnnoauon pnor totnmox ctaj. 
UmgVwith mAb treatment at varions intefvnb after ^u^^tt 
SSUd mice again survived longer ^tZJ^frTT 
IF < 0.004). and four of six mice retntnned disease 
Crimen. U Most mice receiving 70 « ^^J^^ 
challenge mnuuned diseav free. How^ the same «J« 7 ^^ 
after challenge had no ^^fS ^ Iwt p^U 

Sr^Ab ^r^S GD3. which is not expressed on BU. and 
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vaccination with KLH plus QS21. CM2-KLH plus QS21. end PBS. 
which do n i induce anti-GD2 antibodies) had no effect. 

Correlation between Serum Antibody Titer and SurnvaL Se- 
rum an.i-002 antibody titers immediately after 3F8 •J™""?™ 
were no. tested, but Oiey tanged between 1: 1620 and 1:4860 (median. 
1 4860) 3-5 days later, except in experiment 4. m which they were 
between 1.180 and 1:4860 (median. 1:540). Vaccine-induced anti- 
body titer, ranged between 1:640 and 1:1620 for IgC and 1:80 and 
1 1620 for IgM (Table 3). Comparable antibody liters by EUSA 
resulted in comparable reactivity by How cytometry and complemeni- 
mediatcd cytotoxicity, whether due lo 3F* or vaccine adnum»M«.on. 
In both canes, protection from subsequent tumor challenge resulted. A 
correlation between antibody titer and in vivo protection is suggested 
by these results. Administratis of 3F8 resulted in higher serum titers 
against GD2 than vaccine administration in bothexpetimenK 
,1 < o 004 for CDC) and pearer protection {P * 0008 for expen- 
mem 3Ma expeJent 4.1. which 3F8 level, were lower dun. 
expected after 3F8 adriuuisuatfcm. survival was tower aswelU Vac- 
cine-induced antibody diets prior to challenge were higher m exper- 
iment 6 than ia experiment 3. and protection was greater as well 

^Thwwntic Vaccination. Because 3F8 administration 7 or 10 
days after EL4 challenge with 3 X 10* resulted in minimal protection, 
this suggested that vaccination after challenge, which was tiorrtaUy 
-rfoX "weekly inuuvals and required 14-21 oaysfor antibody 
ulduction. would be ineffectual. Coweoueiuiy. we performed one 
final experiment aimed at mating the ability of vacxmaoons starred 
after tumor challenge to prolong survival. Ifl e*|»ennwit 7, * c ™ mb « 
of EL4 cells per challenge was decreased from 3 X lfjr to 3 x iir 
cells. and the vaccines were administered on days 0. 3, and 7. 
beginning immediately after the challenge. Median IgM and IgG 
Jitadydter, on days 13 and 18 were both 1:320. Protection w» 
again seen (Rg. I, Expert*** 7). although the difference was not 
statistically significant (>* = 0.15). 

DISCUSSION 



The mechanism of antibody effect against bacteria l 'P"^jaaUv 
complement mediated inflammation am) cytotoxicity (CDC: Rcf <W. 
Although other effector mechanisms have been suggested for GDZ 
antibody, such as inhibition of tumor cell substratum or extracellular 
matrix interaction* (22), activation of immune effecte meetotsnu 
remains the most likely explanation. 3P8. the anti-GD2 raAb used 
here, is an lgG3 antibody U»* is particularly potent at .nduong 
ctrnwlement-mediated inflamrnatuWcytotoxicity and anubody- 
dependent cell-mediaied cytotoxicity. We have Piously demo^ 
strated. in melanoma patients, that natuial or vaccine-induced IgM 
antibodies against GM2 gnngtiosidc correlated with unproved dis- 



ease-free and overall survival <26. 44) and that a GM2-KLH plus 
OS2I vaccine induced IgM and IgG antibodies in melanoma petterts. 
which were both able to mediate CDC (45). Fbrtmtously. the IgG 
subclasses were IgOl and IgG3 (44-46). the two human subclasses 
besl able to mediate CDC The same applies to the murine model we 
describe here. IgM and IgG antibodies were induced in all vaccinated 
mice, these antibodies and administered 3F8 mAbs were able to 
mediate potcnl CDC. and antibody titers correlated with survival and 
Inversely with the number of hepatic, metastases. Although mAbs 
administered up until 4 days after challenge were able to cornpk=te]y 
prevent tumor growth In most mice, by 7-10 days after ch altenge. 3F8 
administrate had little effect- This strongly suggests ^ 
with mAbs or vaccioes inducing antibodies must be restricted to the 
adjust sening. where «« target, are circulating «™ 
micrometnsuses. and it may explain why mAb treatment 
patients with measurable tumor burdens have not been more success 

^Passively administered and vaccine -induced antibodies were both 
able to protect against growth of raicroawastoses. There am advan- 
tage, ari di«dvanut S es to each apptoaeh- Therapy in ^javam 
Sttng may require repeated treatments to mninttun onubtxly^ 
o^prolong^period to ov-eome the inue «'^^^ y 
and saactuary sites- Except in immtinoauppiessed panents. this ex 
cJiTS mAb*. which would be eliminated with* weeks by 
baman amlmouse anUood,ea. Chxmeric. humanixed or 
would overcome mis issue but would be subject to eUrrur^n by 
Isotypic antibodies. On the odser band, m the absence of human 
antimouae antibodies or ann-idiotypic antibodies, higher serum ana- 
body levels than could be induced by vaccination are assured after 
^ administration, and such antibodies have been or could be 
produced against most antigens. Vaccines »E^ mc«d^ turner 
antigens more practical to produce at- admmnuet bectaisc they 
L radministercTs c. and at longer Intervals. Phase ™ . 
GM2-KLH and sialyl Tn-KLH vaccines that constantly t"du« mod- 
erate dter. of antibodies against these antigen, arc <^^B™E 
in the adjuvant setting in patient, with melanoma u^ ^ 'uncer 
(33 45) Because the antibody response seems to be polyclonal, 
antibody inacuvation by anti-idiotyptc antibodies has not been a 
PrnwTm andTpecific antibody levd. have been mainuined agasns, 
by imrnuWions at 3^ or 4-month intervals for- over 2 yean, 
(45). However, even the most potent conjugate vaccines i have not been 
ante to induce consistent antibody responses against ^ f^S^*" 1 
Z titer, are nnv-r a, high as can be "^^^."^aSer 
tion. The results obtained here, demcxtstranng the ab.liiy of e.ther 
appro^ to protect against tumor challenge and to cl ^ n1 ^™^ 
Stases. in the absence of any detectable toxicrty. argue strong 
STTofme careful use of either approach or the combuotson. 
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GM2-KLH - O^^CSSSTJPS 

anoroa ganglws.Ucj-KLH has ^foully include » 

i„ Ref. 47). Adjuvant ^%£j$^c&KW. t humanized 
hiatal conjugate ^^^Tbwale« v^b* flu. mAh. 
anU-003 ^ ^'^^taa do not prevent infection; Ihey 

Vaccine, agwn* m ' e "~^c*nWL. P"*"** iB 
■in,,, in a*-* f ™ taT attest to active infection « the 

body titers. e*«*i » P ^SiMWheo time hat elapsed because the 
cornet site. This * f^\ S ^^*°!!„wien to tewtoveh but rue 
origioel infection and ^^^^.^nwc infec- 

tion. In patient* with cancer. " ' being quite 

mov»l of the primary c^orp«mve IjJJ?.^ ^ 
aimito «• *e picture «« ^ J^rc^ing puhogen. and 

rnicroscop c ^^'^fl^L We demon.**, here, vnm 
are the primary method of ^"~~V. iwluCeo umbodiei against 

p^vely — — SESff-*-* can also 
the denoed cancer antigen OD2 8«W»» • fc ^ m ; cro mo- 
prottc. mice against ^^cy to eliminate 

If antibodie, "fj-^S^cc^be^natined in 
circulating cancer «*"*HS^eer would have qui* a 
euneer ^'^^Z^roow^of metastases no lon- 

might result in long-term control. 
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